Physical characterization of pentamidine isethionate during freeze-drying-relevance to development of stable lyophilized product.
The purpose of this study was to perform physical characterization of pentamidine isethionate (PI) in frozen and freeze-dried systems and to monitor the phase behavior during all the stages of freeze-drying. Frozen aqueous PI solutions as well as the final lyophiles were characterized by differential scanning calorimetry and X-ray diffractometry. The effect of cosolutes, cosolvents, and processing conditions on the PI crystallization behavior during freeze-drying was evaluated. In frozen aqueous solutions, irrespective of the cooling rate and the initial solute concentration, PI readily crystallized as a trihydrate (C(19) H(24) N(4) O(2) ·3H(2) O). It dehydrated to a poorly crystalline anhydrate upon drying at 100 mTorr. The presence of a readily crystallizing cosolute or an organic cosolvent did not influence the physical form of PI in the final lyophile. On the contrary, even in the absence of cosolutes and cosolvents, the crystalline trihydrate was retained when the chamber pressure was increased to 500 mTorr. By altering the drying conditions, it was possible to obtain either a crystalline trihydrate or a poorly crystalline anhydrate. The stability of PI is dependent on its physical form and only the amorphous PI undergoes discoloration. The PI stability can be enhanced by retaining it in a crystalline state in the lyophile.